Objective: To determine whether a correlation exists between the Model for End-Stage Liver Disease (MELD) score and health-related quality of life (HRQOL) after liver transplant (LT).
plasm (␤=.23), time after LT (␤=. 16) , and the Karnofsky score (␤=.49) had significant effects on the physical component summary scale score. Autoimmune/ metabolic disease (␤ = . 16 ) and the Karnofsky score (␤ = .25) had significant effects on the mental component summary scale score. The MELD score (␤=.15), high school education (␤=.15), college education (␤=.17), autoimmune/metabolic disease (␤=.15), neoplasm (␤=.23), time after LT (␤=.11), and the Karnofsky score (␤=.51) had significant effects on the composite physical HRQOL score. Autoimmune/metabolic disease (␤ = .23), neoplasm (␤=. 15) , and the Karnofsky score (␤=.42) had significant effects on the composite mental HRQOL score.
Conclusions: An increasing MELD score, when computed without any diagnosis-based exception points, was associated with improved physical HRQOL in the first year after LT. The MELD score did not affect mental HRQOL.
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T HE DEFINITIVE THERAPY FOR end-stage liver disease is hepatic transplant. In 2006, 6650 hepatic transplants were performed in the United States, which is an almost 4-fold increase since 1988. 1 Improvements in surgical technique, preoperative and postoperative care, immunosuppression regimens, antibiotics, organ preservation and allocation, and increasing demand have contributed to its rise. Improved survival has led to the increased importance of incorporating health-related quality of life (HRQOL) measures into a comprehensive outcomes assessment strategy as it may influence decisions involving organ transplant.
In 1999, the Institute of Medicine suggested that a continuous disease severity score for patients with chronic liver disease de-emphasizing waiting time could improve the allocation of cadaveric livers. 2 The Model for End-Stage Liver Disease (MELD) was originally designed to predict short-term mortality for patients undergoing a transjugular intrahepatic portosystemic shunt procedure. 3 The model was later validated as a way to predict mortality rates in patients with varying severity of hepatic disease. 4 It comprised 3 factors (serum creatinine level, serum bilirubin level, and the international normalized ratio of the prothrombin time) that were significantly associated with mortality and were modeled as a continuous score reflecting disease severity. The MELD system was implemented in 2002; for purposes of organ allocation, the scores range from 6 (least ill) to 40 (gravely ill). ria are allocated a score of 22 to make them more competitive for a hepatic graft prior to the development of incurable disease. There are also other clinical situations in which exceptions can be made on a case-bycase basis. 5 There are limited data describing the relationship between the MELD score and HRQOL. Kanwal et al 6 identified a negative correlation between an increasing MELD score and HRQOL in patients with end-stage liver disease. While a stronger association was seen with the ChildTurcotte-Pugh score, the mean MELD score in this population was low at 12. Saab et al 7 reported that ascites or encephalopathy significantly influenced HRQOL but found no correlation between the MELD score and HRQOL in patients awaiting liver transplant (LT). However, the mean MELD score was 13.6, which was limited to patients waiting for a transplant. In 2006, Rodrigue et al 8 reported that an increasing MELD score was negatively associated with HRQOL after LT, especially with physical functioning.
These data led us to our primary aim, to determine whether the pretransplant MELD score correlates with posttransplant HRQOL. Our hypothesis was that an increasing MELD score would have an inverse relationship with physical and mental HRQOL.
METHODS

PATIENTS AND DATA ACQUISITION
A single-institution prospective cohort study was performed at Vanderbilt University Medical Center after approval by the institutional review board.
To Clinical data were collected at the time of transplant and/or during the subsequent hospitalization. The physiological MELD score was calculated just prior to transplant without additional exception points, and this MELD score was used for all of the analyses. Appropriate additional clinical data and the posttransplant course were collected in subsequent clinic visits during follow-up.
HRQOL INSTRUMENTS AND FUNCTIONAL PERFORMANCE
Posttransplant HRQOL was assessed with the SF-36, the Beck Anxiety Inventory (BAI), the Center for Epidemiologic Studies Depression Scale (CES-D), and the visual analog scale (VAS) at 1, 3, and 6 months and then annually after transplant. Patients self-administered the tests during clinic visits and returned them that day. The Karnofsky score, 9 an objective measure of functional performance that ranges from 0 to 100, was determined by transplant nurse coordinators. The SF-36 was the primary tool used. The standard scoring system is to differentially weight the 8 individual domains of the SF-36 to form the physical component summary (PCS) and mental component summary (MCS) scales. 10 The BAI is used to assess the presence and severity of symptoms of anxiety. 11 The CES-D assesses the presence and severity of depression symptoms. 12 The VAS asks participants to rate their overall health by placing a mark along a line from 0 to 100. 13 These instruments were selected on the basis of their applicability for self-report, published reliability and validity in clinical and nonclinical samples, breadth of application in the literature, and limited response burden and to represent a range of HRQOL constructs that are germane to patients undergoing transplantation.
DATA COMPLETION BY REGRESSION IMPUTATION
Regression imputation, a recognized method for handling missing data, 14 was performed for cases having complete SF-36 data but incomplete BAI (n=19), CES-D (n=20), and/or VAS (n=27) data. A separate HRQOL data set (nϾ1500) from our institution comprising solid organ transplant candidates and recipients was used to generate predictive equations for computing BAI, CES-D, and VAS scores on the basis of the 8 SF-36 scales. These equations were used to estimate scores for the BAI, CES-D, and/or VAS for the 52 respondents who failed to complete 1 or more of the surveys in order to permit secondary analyses for models 3 and 4 (described later) having maximum sample sizes.
ENDPOINT VARIABLES FOR HRQOL OUTCOMES
Patient-reported physical and mental HRQOL was treated as 4 separate endpoint measures. The PCS (model 1) and MCS (model 2) scales of the SF-36 were used as the primary HRQOL outcomes, respectively. Then, principal component factor analysis was used to derive a composite physical HRQOL score representing the SF-36 PCS scale and VAS (model 3) and a composite mental HRQOL score representing the SF-36 MCS scale, BAI, CES-D, and VAS (model 4).
STATISTICAL ANALYSIS
Overview of Path Analysis
Separate multivariate models of the 4 HRQOL outcome measures were tested using multiple regression-based, recursive path analysis. Path analysis represents hypothesized systems in which variables relate in causal models. These models reflect combinations of direct and indirect effects, with indirect effects being instances where a variable is hypothesized to influence another through a mediating variable. Path diagrams necessarily represent 2 or more inherent regression equations. Variables on the far left of the diagram are termed exogenous and are recognized in the model to have some degree of intercorrelation. Subsequent variables are termed endogenous, and each serves as a criterion for an inherent regression equation. Saturated models depict all of the direct and indirect effects. Each direct effect is tested for preliminary statistical significance (eg, ␣Ͻ.10) and magnitude (expressed as unstandardized and standardized regression coefficients). Models may be simplified by eliminating nonsignificant effects, and the coefficients are recomputed. The effect of model simplification can be tested via the 2 statistic and goodness-of-fit indices. Then, the total influence of one variable on another, which is the sum of its direct and any indirect effects, may be computed. 
Model Development and Variable Encoding
Our analyses modeled the effects of the MELD score (without diagnosis-related exception points), diabetes (yes or no), educational attainment (3 categories), diagnosis (5 categories), length of hospitalization, time after LT, previous graft rejection (yes or no), and the contemporaneous Karnofsky score on the 4 HRQOL outcomes. In those cases having multiple posttransplant data points, the last observation within the first year after transplant was used.
The primary variable of interest in all of the models was the MELD score as a single composite measure of disease severity. The tested influence of the MELD score on the HRQOL measures in the context of other variables that have been previously shown to influence HRQOL. The exogenous variables were the MELD score, diabetes, cause of liver disease, length of stay, and time after transplant. Endogenous variables were rejection episodes, Karnofsky functional performance, and the 4 posttransplant HRQOL outcome measures.
Each analysis began with a fully saturated model where all of the direct and indirect effects were represented. Simplified models representing those effects having ␣Ͻ.10 were tested, and corresponding path coefficients and P values were recomputed. Goodness of fit was tested for each simplified model using the 2 test of model fit and the adjusted goodness-of-fit index (AGFI). 15 The 2 tests having type I error rates greater than .05 and AGFI values greater than 0.90 were accepted as evidence of a model's adequate fit to the underlying data.
Statistical analyses were performed using SPSS statistical software version 15.0 and Amos statistical software version 7.0 (SPSS Inc, Chicago, Illinois).
RESULTS
PATIENT POPULATION, DATA COMPLETION, AND STATISTICAL POWER
During the study period, 327 patients underwent LT, 307 of whom survived the perioperative period and returned to the clinic for follow-up. Of these patients, 90 did not complete the surveys within the first posttransplant year and 8 were ineligible owing to incomplete SF-36 data. The final cohort consisted of 209 patients, 157 of whom completed all of the surveys. There were 19 patients with incomplete BAI scores, 20 with incomplete CES-D scores, and 27 with incomplete VAS scores. The full set of 10 covariates, which comprises 3 continuous and 7 indicator variables, resulted in models having adequate sample sizes (Ͼ10 cases per covariate) and statistical power (Ն80%) to detect a moderate (cumulative R 2 Ն0.10) overall effect at ␣ = .05. Demographic data are summarized in Table 1 . The mean (SD) MELD score at the time of transplant was 21.4 (7.9), which was lower than the mean (SD) United Network for Organ Sharing listing score of 23.3 (6.4). A MELD exemption was present in 43 patients.
The mean (SD) MELD scores were similar for patients with noncholestatic cirrhosis (22.5 [7.1] ), cholestatic cirrhosis (22.5 [7.4] ), and autoimmune/metabolic disease (21.3 [7.1] ). Patients with acute hepatic failure had a higher mean (SD) MELD score (35.8 [3.3] ) and patients with neoplasm had a lower mean (SD) MELD score (13.1 [3.7] ).
The HRQOL data were distributed over the first posttransplant year as follows. The 1-month surveys were used in 42 patients, the 3-month surveys were used in 39 patients, the 6-month surveys were used in 40 patients, and the 1-year surveys were used in 88 patients. The mean (SD) time after transplant was 7.7 (5.3) months.
HEALTH-RELATED QUALITY OF LIFE
The first saturated model (Figure, A) tested all of the direct and indirect effects on the SF-36 PCS scale score. Effects with PϾ.10 were subsequently deleted to produce the simplified model (Figure, B) . The simplified model demonstrates that cholestatic cirrhosis and acute hepatic failure, when compared with noncholestatic cirrhosis and time after transplant, had a positive effect on the likelihood of subsequent rejection episodes. It also demonstrates that diabetes, length of stay, and graft rejection had negative effects on the Karnofsky score most contemporaneous with HRQOL, whereas time after transplant had a positive effect on the Karnofsky score. Finally, the MELD score, cholestatic cirrhosis, autoimmune/metabolic disease, neoplasm, time after transplant, and the Karnofsky score all had positive effects on the SF-36 PCS scale score. The AGFI was 0.95 and the 2 P value of .65 indicated good fit of the model to the underlying data.
All of the statistically significant direct effects composing model 1 (effects on the SF-36 PCS scale score) and the 3 other models (effects on the SF-36 MCS scale score, composite physical HRQOL score, and composite mental HRQOL score) are summarized in Table 2 . Effects on mediating variables are identical in all of the models. These are the effects of cholestatic cirrhosis, acute hepatic failure, and time after transplant on rejection and the effects of diabetes, length of stay, time after transplant, and rejection on the Karnofsky score. Autoimmune/metabolic disease and the Karnofsky score had positive effects on the SF-36 MCS scale score. The MELD score had no effect on the SF-36 MCS scale score. The AGFI of this model was 0.95 and the 2 P value was .82. The MELD score, an educational level of a high school diploma or collegiate training, autoimmune/metabolic disease, neoplasm, time after transplant, and the Karnofsky score resulted in an improved composite physical HRQOL score. The AGFI was 0.96 and the 2 P value was .83.
Autoimmune/metabolic disease, neoplasm, and the Karnofsky score were associated with an improved composite mental HRQOL score. The MELD score had no effect on the composite mental HRQOL score. The AGFI was 0.96 and the 2 P value was .88. Summaries of the statistically significant direct and indirect effects on the 4 HRQOL outcome measures are given in Table 3 and Table 4 . Values are shown as standardized regression coefficients (␤). Total effects denote the additive effect of significant direct and/or indirect paths.
COMMENT
Organ transplantation and its associated HRQOL is a growing field with implications regarding surgical decision making. Our study contributes to this field by examining the relationship among several variables surrounding LT with postoperative, patient-reported HRQOL.
The preoperative MELD score, without exception points, had a direct positive effect on the postoperative physical HRQOL. This means that after controlling for other effects in the model, persons with higher pretransplant MELD scores had better posttransplant physical HRQOL. The effect was small but statistically significant in both models of physical HRQOL and was opposite of what we had expected based on the findings by Rodrigue et al 8 in which an increasing MELD score was associated with a worse SF-36 PCS scale score.
An interesting aspect of our model that sheds light on this finding is the inclusion of a diagnosis category. We stratified patients into 5 diagnostic categories, with noncholestatic cirrhosis as our reference category. In this model, patients with neoplasm had the lowest mean MELD score. However, these same patients had better posttransplant physical HRQOL. Additionally, patients with cholestatic cirrhosis and autoimmune/metabolic disease had improved physical HRQOL. This would suggest that the subset of patients who are driving this finding are those with noncholestatic cirrhosis such as patients with hepatitis C virus. It is these patients who have worse perceived postoperative physical HRQOL.
The MELD score was not correlated with postoperative mental HRQOL in either of the mental HRQOL models. This finding is slightly different from, but does not refute, the finding by Sainz-Barriga et al 16 that patients with more advanced stages of pretransplant liver disease as measured by the Child-Turcotte-Pugh score had a protective effect in terms of the development of psychosocial distress after LT. When comparing these findings with that by Saab et al 7 that worse liver disease severity prior to transplant was associated with worse scores on the mental components of the SF-36, it is interesting to note the marked improvement in how patients perceive their mental symptoms after LT. The mean MCS scale score in our population, 48, approximates that of the general population. This is similar to the findings by Moore et al 17 and Pinson et al 18 that the mean MCS scale score after heart transplant or LT is approximately 48.
The most salient predictor of improved physical and mental HRQOL in all of the models was the Karnofsky score most contemporaneous with the HRQOL measure. This has been shown previously in work done with kidney transplant, heart transplant, and LT recipients. [18] [19] [20] [21] Another predictor of physical and mental HRQOL is time. In both physical HRQOL models, time after transplant had positive direct and indirect effects on physical HRQOL. In both models of mental HRQOL, time after transplant had a positive indirect effect on mental wellbeing that was mediated by rejection episodes and Karnofsky functional performance. This is consistent with previous reports showing that organ transplant has small, positive effects on mental HRQOL. [18] [19] [20] [21] In this study, several patients did not complete all of the surveys. To address this, we used regression imputation to estimate respondent answers based on their complete SF-36 data and subsequently computed composite physical and mental HRQOL scores. There was very little difference between these physical or mental composite HRQOL models (models 3 and 4) and their PCS and MCS 
